Notch signalling is an important evolutionary conserved mechanism known to control cell fate choices through local interactions. Here, the patterns of expression of Notch-1 and -2 genes and their ligands Delta-1, Serrate-1 and -2, were established in the early blastodisc of the chicken embryo from the pre-streak to the first somite stages. Delta-1 was detected as early as the pre-streak stage in the posterior part of the embryo shortly followed in the same region by Notch-1 at the initial streak stage. Thereafter both were strongly expressed in the posterior part of the primitive streak until HH4. Notch-2 was also found at the level of the streak although at low levels. Notch-1 was homogeneously expressed by the epiblast and by mesodermal cells ingressing at the level of the streak whereas Delta-1 expression formed a 'salt and pepper' pattern. The difference between the two was clearly detected by double in situ hybridisation. From the mid-streak to the first somite stages, Notch-1 and Delta-1 expressions appeared in the anterior part of the embryo. Serrate-1 and -2 were not detected at these stages. Taken together, these results constitute a framework for analysing the role(s) for Notch signalling during gastrulation. q
Results
Notch signalling involves activity of the Notch receptors and the ligands Delta and Serrate (for review, see ArtavanisTsakonas et al., 1999) . So far, two Notch genes (Notch-1 and -2; Myat et al., 1996; Hayashi et al., 1996) , and three ligands (Delta-1, Serrate-1 and -2; Henrique et al., 1995; Myat et al., 1996; Morimura et al., 2001 ) have been identified in the avian species. Henrique et al. (1995) and Myat et al. (1996) reported Notch-ligand expression patterns at Hamburger and Hamilton (HH, 1951 ) stages 7-21, but there are no data for the earlier stages, in particular during gastrulation.
Chicken Notch-1 (Myat et al., 1996) , Notch-2, Serrate-1, Serrate-2 (Morimura et al., 2001 ) and Delta-1 (Henrique et al., 1995) were examined from pre-gastrulating embryos (stage IX of Eyal-Giladi and Kochav, 1976) to the first pair of somite stage (HH7).
From stages IX to XI of Eyal-Giladi and Kochav (1976) , none of the genes were detected in the blastodisc (not shown). Delta-1 was detected the first at HH1 (2-4 h of incubation which corresponds to stage XII of Eyal-Giladi and Kochav, 1976 ) in a few scattered cells in the posterior marginal zone of the blastodisc (Fig. 1A, B) . Notch-1 was not detected at this stage. Notch-1 was first detected at the initial streak stage (6-7 h of incubation, HH2) in the posterior part of the primitive streak, which appears short and conical at this stage (Fig. 1C) . Delta-1 was strongly expressed in a few scattered cells in the same area (Fig.  1D , E). Notch-2 was not detected at this time.
At intermediate streak stage (12-13 h, HH3), the primitive streak reaches to about the centre of the area pellucida. Notch-1 was strongly expressed in the posterior part of the streak and at lower levels in the anterior part of the streak and the anterior area pellucida where the streak has not formed yet (Fig. 1F ). On sections, both epiblast and ingressing mesoderm were seen to express the transcript homogeneously (not shown). Notch-2 was found at the level of the streak and, at weaker levels, in the area pellucida (Fig.  1G ). It remained expressed at low levels thereafter. Delta-1 continued to be detected in the mid-posterior part of the streak most often in a triangular area. Expression of this gene was characterised by a 'salt and pepper' pattern with strongly expressing groups of cells or single cells inter- (Fig. 1H ). This characteristic expression persisted until definitive streak (18) (19) HH4) .
From late intermediate streak stage (14-16 h, HH3.5) to the early definitive streak stage (18-19 h, HH4) the streak had elongated to anterior regions. Notch-1 and -2 displayed reciprocal patterns with Notch-1 restricted to the posteriormost region of the streak and Notch-2 to a weak, but conspicuous, expression in the anterior-most part (not shown). The distribution of Delta-1 did not change but the gene was expressed more vividly than Notch-1 (not shown). Based on fate map analyses, the posterior region of the streak was shown to give rise to extraembryonic tissues in both chick and mouse species (Selleck and Stern, 1991; Garcia-Martinez et al., 1993; Kinder et al., 1999) . In order to determine precisely the distributions of Notch-1 and Delta-1, double in situ hybridisation was performed on sections of early HH4 embryos. Notch-1-expression was homogeneous in the epiblast whereas in the mesoderm, it was restricted to ingressing cells at the level of the groove. Delta-1 was found in the epiblast at the level of the groove and in underlying mesoderm. In both tissues, Delta-1 1 cells were found in small groups as well as in isolated cells ( Fig. 2A-C) .
At late HH4 and more conspicuously at early HH5, the expression of Notch-1 and Delta-1 extended to the whole streak (Fig. 3A, B) . Sections in anterior-most regions showed Notch-1 restricted to the epiblast and to ingressing mesodermal cells at the level of the streak (Fig. 3A1, A2) . In posterior regions, the signal is absent from the epiblast and became restricted to the mesodermal layer (Fig. 3A3 ). Delta-1 was present at the level of the streak in the epiblast and the underlying mesoderm (Fig. 3B1, B2 ).
At late HH5 and HH6, Notch-1 and Delta-1 displayed a strikingly similar expression pattern, persisting until the formation of the first somite pair (Fig. 4A, B) . In the posterior aspect of the embryo, both genes were restricted to the streak itself while in the rostral region the expression domains enlarged and formed a pear-like area ending at the level of Hensen's node, negative for both genes. On sections, Notch-1 was absent from Hensen's node but was found laterally in the epiblast and mesodermal cells (Fig.  4A1 ). More caudally, the expression was strong in the epiblast and weaker in the mesoderm (Fig. 4A2) . In the posterior part of the streak, both epiblast and mesoderm expressed the gene although at low levels (Fig. 4A3) . In anterior regions, Delta-1 signal was strong at the level of streak both in epiblast and ingressing mesoderm but was also present, although at lower levels, in lateral mesodermal regions (Fig. 4B1, B2) . It was not detected in posterior regions (Fig. 4B3) .
At HH7, Notch-1 is strongly present in the pre-somitic mesoderm as previously described (Myat et al., 1996) and at lower levels in the lateral plate mesoderm. A strong signal was also detected in the anterior aspect of the regressing primitive streak (Fig. 5A) . Delta-1 expression covered the pre-somitic mesoderm and the lateral plate mesoderm (Fig.  5B ) as previously described (Henrique et al., 1995) .
In conclusion, at early stages, Notch-1, and to a lesser extent Notch-2, and Delta-1 appeared to be exclusively expressed whereas Serrate-1 and -2 were never detected. In contrast, using the same probes, Serrate-1 and -2 were detected, at the level of the aorta at embryonic day 3 (Jaffredo and Dunon, unpublished results) and were shown to detect cells in the chicken bursa of Fabricius at hatching (Morimura et al., 2001) . The coupled expressions of Notch-1 and its ligand Delta-1 during gastrulation may indicate as yet unexplored role of this pair during early ontogenesis. Fig. 3 . Notch-1 (A, A1, A2, A3) and Delta-1 (B, B1, B2) expressions at late HH4-early HH5 stages. In toto staining in left-hand panels and sections corresponding to levels indicated by arrows in right-hand panels. In anterior regions (A1), Notch-1 is found mostly in the epiblast. The signal progressively appears in the mesoderm (A2). In posterior-most regions, the gene disappears from the epiblast and becomes restricted to the mesoderm (A3). Delta-1 is expressed at the level of the streak (B1). Its expression progressively faints in posterior regions (B2). Bars in left pannels ¼ 1 mm, in right pannels ¼ 250 mm. Fig. 4 . Notch-1 and Delta-1 expressions at late HH5, HH6. In toto staining in left-hand panels (A, B) and corresponding sections indicated by arrows (A1 to B3) in right-hand panels. In anterior-most regions (A1), at the level of Hensen's node (HN), Notch-1 is absent from the epiblast and the mesoderm. More caudally, it is strongly expressed in the epiblast (also compare with Fig. 3A1, A2 ). In posterior-most regions, it disappears from the epiblast to be barely present in the ingressing mesoderm (A3). Delta-1 expression is similar to that found in late HH4-HH5 embryos (compare with Fig. 3B1, B2 ). Delta-1 expression also disappears in the posterior-most region (B3). Both Notch-1 and Delta-1 are absent from Hensen's node. Bars in left pannels ¼ 1 mm, in right panels ¼ 250 mm.
Material and methods

Embryos and probes
JA57 chick embryos were collected in RNAse free conditions. Stages were identified according to Hamburger and Hamilton classification (1951) . At least four individual embryos were examined for each stage.
Delta-1 was kindly given by Dr Marx (Orsay, France). Notch-1, Notch-2, Serrate-1 and Serrate-2 cDNA probes were isolated by one of us and reported in Morimura et al. (2001) . RNA probes were synthesised using UTP-digoxygenin (Roche). When double in situ hybridisations were performed, one of the probes was synthesised using UTPfluorescein (Roche).
In toto in situ hybridisation
Whole embryos were hybridised following the modified method of Henrique et al. (1995) . After in situ hybridisation, embryos were either photographed as whole mounts or embedded in a solution containing 7.5% gelatin/15% sucrose in 1.2 M phosphate buffer, frozen and cut at 30 mm. Sections were observed and photographed on a Nikon microscope.
Double in situ hybridisation on sections
HH4 embryos were collected and fixed overnight at 48C in 60% ethanol, 30% formaldehyde (stock solution 37%) and 10% acetic acid. Embryos were dehydrated, embedded in Paraplast (Sigma) and serially cut at 5 mm. Sections were treated for in situ hybridisation as described in Wilting et al. (1997) . After NBT/BCIP (4-nitro-blue-tetrazolium-chloride/5-bromo-4-chloro-3-indolyl phosphate, toluidine salt, Roche) staining, sections were treated for 10 min with 0.1 M glycine-HCl pH 2.2, washed in MABT (11.6% maleic acid, 8.7% NaCl, 0.1% Tween, pH 7.6) and incubated overnight with the anti-fluorescein secondary antibody (Roche). After washing in MABT, staining was performed in NTM (2% NaCl, 10% Tris-HCl, 2.5% MgCl 2 2 M, pH 9.5) and INT/BCIP (2-{4-iodophenyl}-3-4-nitrophenyl}-5-phenyl tetrazolium chloride/5-bromo-4-chloro-3-indolyl phosphate, toluidine salt) solution (Roche). Stained sections were observed with a Nikon microscope. Fig. 5 . HH7. Notch-1 is strongly expressed in the two stripes of pre-somitic mesoderm (P) and in the anterior part of the primitive streak (PS). It is also expressed at lower levels in the segmental plate (SP). Delta-1 is present in the posterior region of the embryo at the level of the segmental plate and along the streak. Bar ¼ 1.5 mm.
